Introduction
have reported the structure-activity relationship between adenosine 3',5'-cyclic monophosphate (cAMP) derivatives and their inhibitory activity against phosphodiesterase (PDE). However, this inhibitory activity depends on two parameters; namely, the affinity of the cAMP derivative for the receptor site of PDE and the hydrolyzability by PDE. Therefore, the relationship based only on the affinity for the receptor site cannot be investigated. On the other hand, griseolic acid (1) cannot be a substrate of PDE, but inhibits the hydrolyses of cAMP and guanosine 3',5'-cyclic monophosphate (cGMP) competitively.
Consequently, we planned to study the inhibitory activity against PDE using griseolic acid derivatives and thus to establish the structure-activity relationship based only on the affinity. We have already reported synthetic procedures for griseolic acid derivatives which are partially or fully acylated at the N6-, O2'-or O7'-position and the PDE inhibitory activity of the products." It was revealed that acylation of the amino group of the adenine moiety greatly reduced the inhibitory activity. On the other hand, acylation of the hydroxy groups at the 7'-and 2'-positions had relatively little effect on the inhibitory activity.
In the present work, we have synthesized derivatives of griseolic acid (1) with various substituents at the 2'-or 7'-position instead of OH, and have investigated the structureactivity relationship for PDE inhibitory activity.
Results and Discussion

Synthesis
The following methods are available introducing a variety of substituents into the sugar moiety of a purine-type nucleoside): (a) by using 2-acetoxyisobutylyl bromide,5) (b) by using a ortho ester as an intermediate,6) (c) by using a cyclonucleoside, in which the 8-position and sugar moiety are cyclized, as an intermediate, 7 (d) by using a 2',3'-epoxide as an intermediate, (e) via a methanesulfonylated or toluenesulfonylated compound,8,9) (f) via a trifluoromethanesulfonylated compound,9-11) (g) by direct halogenation, (h) via a ketone which is synthesized by oxidation of the hydroxy group, (i) by addition across a double bond which is introduced by dehydration.9) Methods (a) and (b) can introduce only a restricted range of substituents. In method (c), the purine compound must be substituted at the 8-position first, so this method needs many steps and is not convenient. Moreover, this method cannot give substitution at the 7'-position. Method (d) cannot be used because griseolic acid does not have a hydroxy group at the 3'-position and at the position next to 7'. Method (e) is inferior to method (f) in reactivity. As for method (g), the reactivity is low and only a halogen atom can be introduced. Method (h) can only introduce a hydroxy group. Method (i) cannot be employed as it is difficult to introduce a double bond into griseolic acid because of structural strain. For the above reasons, we synthesized the derivatives substituted at the 2'-or 7'-position according to method (f).
The structures of all derivatives were confirmed by nuclear magnetic resonance (NMR) spectroscopy and elemental analyses unless otherwise stated and yields were calculated based on the immediately preceding starting material.
Synthesis of Derivatives Substituted at the 2'-Position
We synthesized these derivatives according to the method shown in Fig. 1 . Griseolic acid (1) was converted to the OT-benzoylated derivative (2) by the method already reported.1) Then, we attempted to synthesize the dimethyl ester derivative (3) . Takahashi et al. have reported the esterification of the carboxy group in griseolic acid with diazomethane,12) but, this method is not suited to mass production because the O2'-methylated derivative is formed as a by-product. As a result of detailed investigation using griseolic acid as a starting material, we found that the dimethyl ester could be synthesized in good yield by allowing griseolic acid to stand with benzoyl chloride in methanol. This reaction was thought to occur by way of the mixed anhydride followed by methanolysis. Thus, we synthesized 3 in good yield from 2 using this method. The OT-pyranyl derivative (4) was obtained in 88% yield by reacting 3 with 2,3-dihydropyran in the presence of p-toluenesulfonic acid in dioxane.13) The methyl ester function was not considered to be a good protecting group in these syntheses, because the desired compounds, with various substituents at the 2'-position in griseolic acid, might not be obtained because of decomposition at the stage of removing the methyl groups. We therefore selected the benzhydryl group, which was easily removed under acidic conditions, as the protecting group. Compound 4 was allowed to stand in 1 N aqueous sodium hydroxide to remove the benzoyl group at the 2'-position and the methyl groups. Except in salt form, this compound is not stable and the pyranyl group was easily lost. Consequently, this compound was subjected, without purification, to benzhydrylation with diphenyldiazomethane to give 5 in 46% yield. Compound 5 was allowed to react with trifluoromethanesulfonyl chloride in the presence of dimethylaminopyridine to give 6 in 71% yield. Compound 6 was allowed to react with sodium azide in the presence of hexamethylphosphoramide and the pyranyl group of this compound 7 was converted to give 8 in 96% yield.") This compound was visualized on a thin the benzhydryl groups were removed to give 7 in 18% yield. According to Fukukawa et al., '" compound 7 was converted to give 8 in 96% yield.14) This compound was visualized on a thin layer chromatography (TLC) plate by spraying with a solution of cysteine-sulfuric acid followed by heating. Compound 6 was allowed to react with anhydrous lithium halogenide (e.g., lithium iodide, lithium bromide, and lithium chloride) in hexamethylphosphoramide and the pyranyl group and the benzhydryl groups were removed in the same manner as described above to give 10a, 10b, and 10c in 23.4%, 36.5% and 14.2% yields through 9a, 9b, and 9c, respectively.
Compound 9a was allowed to react with n-butyltin hydride in the presence of azoisobutyronitrile (AIBN) in benzene under reflux, and the benzhydryl groups were removed in the same manner as described above to give 11 in 69.2% yield (Fig. 1) .
If an acetoxy group could be introduced at the 2'-position, the corresponding arabinotype derivative could be synthesized by removing the acetyl group. Thus, we investigated the substitution reaction of the acetoxy group with sodium acetate under various reaction conditions, but all the reaction mixtures turned brown and complicated decompositions occurred without giving the desired compound. Furthermore, all efforts to synthesize an arabino-type compound with sodium benzoate instead of sodium acetate were in vain, because the same type of decomposition again occurred. This complicated decomposition was thought to result from the acetoxy group, substituted at the 2'-position, migrating toward the 3'-or 4'-position through a mechanism similar to that of the acyl migration reaction.
Synthesis of Derivatives Substituted at the 7'-Position
We synthesized these derivatives according to the methods shown in Figs. 2 and 3. Compound 13, which has already been reported,' was allowed to react with trifluoromethanesulfonyl chloride in the presence of dimethylaminopyridine in methylene chloride to give 15 in 80% yield (Figs. 2 and 3) .
Compound 15 was allowed to react with well-dried sodium azide in the presence of hexamethylphosphoramide to give 16 in 55% yield. The benzhydryl groups of compound 16 were removed with trifluoroacetic acid and the benzoyl group was removed by using a 20% methanolic solution of ammonia to give 17 in 49% yield.
According to the manner of Fukukawa et al., 11) compound 16 was converted to 18 in 43% yield. This compound was visualized on a TLC plate by spraying with a solution of cysteine-sulfuric acid followed by heating. The benzhydryl group and the benzoyl group of compound 18 were removed in the same manner as described above to give 19 in 66% yield. Compound 15 was allowed to react with well-dried anhydrous lithium chloride or lithium bromide in anhydrous dimethylformamide under protection from moisture to give 20a in 70% yield or 20b in 53% yield, and each compound was deprotected in the conventional manner to give 21a in 82% yield or 21b in 57% yield. Compound 20b was allowed to react with n-butyltin hydride (2.5 eq) in the presence of AIBN in anhydrous benzene, after which the benzoyl group and the benzhydryl groups were deprotected in the conventional manner to give 22 in 82% yield. This compound was identical with the natural product, the structure of which was with water, and dried over anhydrous magnesium sulfate, and the solvent was distilled off. The residue was dissolved in a mixture of ethyl acetate and ethanol and the solvents were distilled off, whereupon crystals were precipitated. These crystals were collected by filtration in a yield of 13.8 g (45.6%). Further, the mother liquor was concentrated to approximately 100 ml and poured into 11 of hexane with stirring. The precipitated powder was collected by filtration and purified by silica gel column chromatography (5% methanol-methylene chloride) to yield 12. Tables  I and  II. 
